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STATIC LOAD AND IMPACT TESTS OF LIGHTWEIGHT 
BRIDGE FLOOR SLABS 


REPORT OF A COOPERATIVE INVESTIGATION CONDUCTED BY ALLEGHENY COUNTY, 
PA., AND THE UNITED STATES BUREAU OF PUBLIC ROADS 


By L. W. TELLER, Senior Engineer of Tests, and G. W. DAVIS, Associate Engineer of Tests, United States Bureau of Public Roads 


HE Division of Tests of the Bureau of Public 

Roads has recently completed a series of static 

load and impact tests on two bridge floor slabs of 
a rather unusual type. These tests were undertaken 
at the request of the Bureau of Public Works of Alle- 
gheny County, Pa., and were carried out as a coopera- 
tive project with that organization. 

The slabs tested are a combination of steel shapes in 
the form of a grating or mat which, after erection, is 
filled with Portland cement concrete. The features of 
particular interest are the small depth, 3 inches; and the 
moderate weight, between 50 and 55 pounds per square 
foot. The advantages of a bridge floor slab having 
these characteristics are obvious. 
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Figure 1.—APPEARANCE OF Factory-ASSEMBLED Mats 
From Wuicu First Stas Was ConstRUCTED 


Static load tests on small sections of a slab of this 
general type had indicated that such construction 
possesses flexural strength sufficient to warrant its 
consideration for use in the design of highway-bridge 
floors,’ but there was some question as to whether or 
not the impact of the wheels of motor vehicles might 
break the bond between the steel and the concrete, thus 
weakening the slab structurally and also permitting the 
entrance of moisture between the two materials. 

The primary object of the tests carried out by the 
Bureau of Public Roads was to determine to what 
extent severe motor-vehicle impact would affect the 
structural strength of bridge floor slabs of this type. 

To obtain this information a definite schedule of 
static loads was applied to the slabs before, during, and 
after the program of impact loadings to which they were 
subjected. Deflection and strain measurements for 
each static loading made possible comparisons of the 
structural action of the slabs before and after receiving 
impact.’ 

DETAILED DESCRIPTION OF THE SLABS 


While the two slabs tested were of thesame general type 
and appearance, they differed from each other in a num- 
ber of details and are therefore described separately. 








1 Engineering News-Record, vol. 104, No. 2, Jan. 9, 1930, Development tests on a 
light floor for bridges, by Leon S. Moisseiff. 

2? For a description of another investigation of the effect of static and impact loadings 
on bridge floor slabs of a different type see PuBLic RoAnps, vol. 8, No. 8, October, 
1927, ‘“‘Tests of the Delaware River Bridge Floor Slabs,’’ by George W. Davis. 
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The slab built and tested in 1930 is referred to as the first 
slab and that built and tested in 1931 as the second slab. 

The first slab was 12 feet, 7% inches by 14 feet, 10% 
inches in area and 3 inches thick. It was made up of 
five factory-assembled mats 35%, inches wide and 12 
feet, 7% inches long. (See Fig. 1). Each of these mats 
was composed of 13 T-bars each with a 2!-inch base 
or flange and a 3-inch stem. These were assembled 
with their bases in contact, side by side, forming the 
bottom of the mat. The stems were locked together 
by means of 1 by % inch flat cross bars which were 
pressed into curved slots cut in the vertical stems of 
the T-bars. These cross bars were placed on? 4-inch 
centers. Figure 2 shows the details of this construction. 
It will be noted that the slots in alternate T-bars curve 
in opposite directions. The cross bars are forced into 
these slots under heavy pressure and are caused to twist 





A— BASE OF T-BARS 
C-— CURVED SLOTS 


B— CROSS BARS BETWEEN STRINGERS 
D0 — CROSS BARS ABOVE STRINGERS 


FiguRE 2.—ASSEMBLY OF STEEL SECTION oF First SLAB 


in opposite directions at the successive junctions with the 
T-bars, securely locking the whole upper surface in place. 
As these slots are above the neutral axis of the T-bars, the 
lower section, which is subject to tension, is left intact and 
the compressive strength of the upper section is main- 
tained presumably by the wedging action of the cross 
bars. In those sections of the mats above the supporting 
stringers, where negative moments are encountered, the 
position of four cross bars was changed, the slots being 
punched through the stems halfway between the upper 
and lower surface of the mat, as shown in Figure 2. 

The steel mats were placed transversely on the 
stringers and were attached to them by spot welding 
through notches cut in the edge of the base of every 
other T-bar, to the center of the flange of the stringer. 

The abutting edges of adjacent mats were bolted 
together at points midway between the stringers by 
five }-inch bolts spaced 4 inches on center and passing 
through the stems of the T-bars which formed the edges 
of the mats. The result of this construction was a 
smooth grated surface with openings or pockets 2% by 
4 inches in size, the appearance of which, before being 
filled with concrete, is shown in Figure 3. 

The concrete used in the first slab was of 1:1.5:3 
proportions (by dry-rodded volumes). The water-ce- 
ment ratio was 0.86. The aggregates used were Potomac 
River sand and a siliceous gravel from Fredericksburg, 
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Va. The maximum size of the coarse aggregate was 
three-fourths inch. 

The concrete was mixed in a power-driven mixer for 
two minutes, wheeled to the slab and vibrated into place 
with an electrically operated vibrator, as shown in Figure 
3. After the concrete had been vibrated into place the 
surface was struck off with a wooden screed and roughly 
floated with a wooden float. It was then covered with 
wet burlap until the next morning, when the burlap was 





FIGURE 3.—COMPLETED STEEL Mat or First Suas Brine 
FILLED WITH CONCRETE BY MEANS OF ELECTRIC VIBRATOR 


replaced by a 6-inch layer of straw. The straw was kept 
wet for 10 days, after which the slab was exposed to the 
air until the beginning of the tests at the age of 40 days. 

The concrete, as it came from the mixer had an aver- 
age slump of 3% inches. Five 6 by 12 inch compression 
cylinders made at this time and cured in a damp room 
showed an average compressive strength at 28 days of 
3,360 pounds per square inch. 

The second slab was 12 feet, 74% inches by 15 feet, 
4 inches in area and 3 inches thick. As with the first 
slab, it was made up of five factory assembled mats 
12 feet, 74 inches long and 386 inches wide. In this 
mat the T-bars were 3 inches wide on the base and 
twelve were used to a mat. The bases of adjacent 
T-bars were held together at four places (@n the 12 
foot, 74 inch length) by electric welds 2 inches long. 

The stems of the T-bars in the second slab were tied 
together at 4-inch intervals by transverse %-inch, 
half-round bars, welded with the flat side up, into the 
upper edge of the stems. (See fig. 4). At the edges of 
the 3-foot mat sections, the ends of these bars were 
bent aside and downward so that when embedded in 
concrete they served to unite adjacent. sections. 





A-— BASE OF T-BARS 
B-— HALF ROUND CROSS BARS 
C - ELECTRIC WELDS 


FIGURE 4.—ASSEMBLY OF STEEL SECTION OF SECOND SLAB 











The appearance of the five sections of mat, when 


placed on the stringers, as in the case of the first slab, 
and welded, is shown in Figure 5. 

The concrete which was used to fill the mat of the 
second slab was of the same proportions and aggregates 
as that used in the construction of the first slab. The 
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Ficgure 5—Compietep Mat USsep IN CONSTRUCTION OF 
SeEconD SuAaB Berore Berne Fiutep Witte ConcrReETE. 
Note NUMBER AND POSITION OF WELDS AND ALSO METHOD 
UsrEep For UnitTING Epcss or InpivipuAau Mats 


cement, however, was of a different brand. <A water- 
cement ratio of 0.82 was used, resulting in an average 
slump of 2% inches. Six test cylinders cured in a 
damp room showed an average compressive strength 
at 28 days of 5,030 pounds per square inch. 

The mixing, placing, finishing, and curing operations 
for the concrete of the second slab were the same as 
those used in the construction of the first slab. 























FIRST SLAB SECOND SLAB 


FicurE 6.—Cross Sections or T-Bars USED IN THE 
Two SLaBs 


Figure 6 shows sections of the T-bars used in each 
slab. The calculated weight of the slabs is given in 
the following tabulation: 


Weight per square foot of floor, in pounds 








First | Second 
slab slab 
18.0 20. 0 
1.3 16 
31.6 30.9 
50.9 52.5 











In each test the slab was supported by four stringers 
set on 4-foot centers. These stringers were 18-inch 
55-pound I-beams, rivet connected at their ends to 
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24-inch 80-pound I-beams. The floor beams were 
supported at their ends, in turn, by the concrete 
abutment walls, being held in their seats by anchor 
bolts. The distance between the floor beams was 16 
feet and their span was 15 feet. 


DESCRIPTION OF THE TEST PROGRAM 


Both slabs were subjected to exactly the same pro- 
gram of tests. Since the object of the investigation was 
primarily to determine the effect of impact, the major 
part of the program was devoted to loadings intended to 
develop this information, and these loadings were 
applied at the center of the slab. Certain additional 
information was desired by Allegheny County, and the 
edge and 2-point loadings were included to provide 
these data. The detailed program follows: 

1. Static loads of 5,000, 10,000, 15,000, and 20,000 
pounds were applied at— 

a. The center of the slab; 

b. A point 1 foot from the edge of the slab and 
midway between the two center stringers; 

c. Two points equidistant from the center of the 
slab along the axis transverse to the stringers, 
each point bearing half the load. 

For all of the above loadings the deflections of both 
the slab and I-beams were determined and strains were 
measured both in the T-bars and in the two center 
stringers at the points shown on Figures 7 and 8. 
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FiGgurRE 7.—PLAN OF SLAB SHOWING DEFLECTION 
Points 


The spread or separation of the adjoining edges of the 
bases of the two T-bars directly under the load was 
measured for all of the loads applied at the center of 
the slab and for the 2-point loading. 

2. A series of 1,000 impact blows simulating those 
delivered by the wheel of a heavy motor truck was 
applied at the center point of the slab. 

3. Static loads as in 1, a were applied and the same 
measurements of deflection and strain were made. 

4. A second series of 1,000 impact blows was applied 
at the center of the slab, the average maximum force 
developed being about 11 per cent greater than on the 
first series of impact. 

5. Static loads of 5,000, 10,000, 15,000, 20,000, 
30,000, and 40,000 pounds were applied at the center of 
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SECTION SHOWING LOCATION OF STRAIN GAGE 
POINTS AT MIDPOINT OF THE STRINGERS 


FiaurE 8.—LOCATIONS OF STRAIN-GAGE PoINTS 


the slab. Deflection and strain measurements were 
made as in the case of the previous static loadings. 

6. A third series of impacts was applied at the center 
of the slab, the maximum force being very nearly the 
same as in the second impact series. 

7. A fourth and last series of static loads was applied 
at the center of the slab, the load magnitudes, deflec- 
tion, and strain measurements being the same as in 1, a. 





Fiaure 9.—GENERAL ARRANGEMENT OF TEST SLAB, Sup- 
PORTING WALLS, AND TANK USED FOR THE APPLICATION 
OF THE Static Loaps 


DESCRIPTION OF THE TESTING EQUIPMENT 


Because of the large loads necessary for the static 
loading of these slabs and because of the alternate 
application of static and impact loads, a special set-up 
was designed to permit the execution of the program 
with facility. 

The static loads were applied to the slabs with a 
hydraulic jack. This jack reacted against a large cy- 
lindrical steel tank containing water. The concrete 
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walls, to which the ends of the floor beams were fas- 
tened, were extended 2 feet above the surface of the slab 
and supported the tank at an elevation sufficient to per- 
mit the installation of the jacking apparatus beneath it. 
On the tops of the two walls steel track was fastened, 
on which rested the rollers which supported the tank. 
The walls were made long enough to allow the tank to 
be moved back out of the way when impact tests were 
being made. The tank when filled with water weighed 
approximately 60,000 pounds. Figure 9 shows the gener- 
al arrangement of the tank, slab, and supporting walls. 

Attached to the under side of the tank was a beam 
of heat-treated steel which took the thrust of the 
jack. The load-deflection rate of this beam was known. 
To determine the magnitude of the loads being imposed 
on the slab, the deflection of the beam was measured 
with a micrometer dial. At the lower end of the jack 
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Fiaure 10.—APPARATUS USED IN APPLICATION AND MBAS- 
UREMENT OF LOAD 


a bearing block shod with segments of a solid rubber 
tire was provided. The details of this loading equip- 
ment are shown in Figure 10. 


DEFLECTION MEASUREMENTS 


The deflection of the slab and of the supporting I- 
beams was determined by measuring accurately changes 
in distance between gage points drilled into the lower 
surface of the slob or I-beams and corresponding gage 
points located directly beneath these in strips of steel fas- 
tened to concrete bases cast in the ground below the slab. 

Changes in distance were measured with micrometer 
dials, reading in thousandths of an inch, fixed to the 
ends of wooden staffs. The staff and the dial were 
provided with conical steel points which fitted into the 
respective gage points. 

Two pairs of gage points were set in the abutment 
walls to serve as a standard to check the length of the 
staffs at any time during a series of measurements. 

The soil between the abutment walls was excavated 
to a lower level to give headroom under the slab for 
the measuring operations and to provide undisturbed 
earth as a foundation for the concrete bases carrying 
the deflection gage points. Figure 11 gives a good idea 
of the arrangements for the deflection measurements. 

All of the deflection measurements were made with 
two movable staffs of different length, one being used 
under the stringers and the other under the T-bars of 
the slab proper. ‘These staffs were moved from point 
to point after the desired load was on the slab. The 
deflection of the floor beams was measured by similar 
staffs which, however, were left in position and not 
moved from point to point. The positions of all deflec- 
tion points are shown in Figure 7. 








Figures 11.—Lower DrEFriection Points AND MICROMETER 
Drauss USED FOR THE MEASUREMENTS 


STRAIN MEASUREMENTS 


In these tests the strain measurements were confined 
to the steel and the strain gage positions were located 
in the regions where relatively large moments would be 
expected under the center loading. Figure 8 shows the 
locations at which strains were measured. 

For making the measurements a 10-inch Whitte- 
more strain gage was used. This gage was developed 
in connection with the Arch Dam Investigation con- 
ducted under the direction of the Engineering Founda- 
tion, and has been described in detail elsewhere.* 

Briefly, it consists of parallel side bars of nickel steel 
connected at their ends by steel spring fulcrum plates 
which maintain the aligmnent of the bars. Two 
pointed legs for insertion in the gage holes are provided 
at opposite ends of the gage, one leg being attached to 
each side bar. The relative displacement of the side 
bars longitudinally is indicated by a micrometer dial 
reading directly in ten-thousandths of aninch. Correc- 
tions for temperature changes are made by reference to 
an unstressed steel bar, in the usual way. 

Strain gage holes were drilled with a No. 56 twist 
drill and the burr removed with a special reamer. 


SPREAD OF THE T-BARS 


In order to determine the amount of separation that 
occurred between adjacent T-bars directly beneath the 
loaded area, a small micrometer dial was attached to the 
bottom of the base of one T-bar and the stem of this 
dial acted against a small stud in the adjacent T-bar. 


IMPACT TESTS 


Impact was applied by means of the portable impact 
machine developed by the Bureau of Public Roads and 
described in Pusiic Roaps several years ago.* The 
method of test was the same as that used in the tests of 
the Delaware River Bridge floor slabs, referred to above. 

In these tests the acceleration of the unsprung mass 
was measured by means of an accelerometer of the 
single-element contact type.° 





3 Instruments, vol. 1, No. 6, p. 289, June, 1928, Whittemore Strain Gage, by H. L. 
Whittemore. 

4 PUBLIC ROADs, vol. 5, No. 2, April, 1924, Impact Tests on Concrete Pavement 
Slabs, by Leslie W. Teller. 

5 For discussions of the use of accelerometers for the measurement of motor vehicle 
impact see the following publications: (1) Proceedings, American Society for Testing 
Materials, 1923, An Accelerometer for Measuring Impact, by E. B. Smith; (2) PuBtLic 
Roaps, vol. 5, No. 10, December, 1924, Accurate Accelerometers Developed by the 
Bureau of Public Roads, by L. W. Teller; (3) Puspric RoAps, vol. 11, No. 5, July, 
1930, Calibration of Accelerometers for Use in Motor Truck Impact Tests, by J. A. 
Buchanan and G. P. St. Clair. 
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Figure 12.—Derr.ecrions or First Stas UNDER CENTER 
LoapiInG Brrore Impact 


DETAILED DESCRIPTION OF THE TESTING OF THE FIRST SLAB 





Static loads at the center—Before any deflection or 
strain data were taken, several preliminary static loads 
were applied to the center of the slab. The magnitude of 
each successive preliminary load was increased until a 
load of 20,000 pounds had been applied. The object of 
these loadings was to place the structure in a cyclic state 
or, in other words, in a condition such that successive ap- 
plications of a given load would produce the same struc- 
tural effects. These loadings were also utilized for neces- 
sary adjustments of the loading and measuring apparatus. 
Initial static loading—Following the application of 
the preliminary loads, two series of initial test loadings 
were applied to the center of the slab. Each series 
consisted of loads of 5,000, 10,000, 15,000, and 20,000 
- pounds, and the two series were applied on successive 
days with a recovery period of about 18 hours between. 
Under each load of these two initial series complete 
deflection and strain measurements were made. 

The zero readings for deflection and strain—. e., 
measurements for the unloaded condition—were made 
with the entire loading apparatus lifted clear of the 
slab and in applying all of the static loads due allow- 
ance was made for the dead weight of all of the loading 
equipment below the calibrated beam. 

In order to establish beyond question the data which 
were to serve as a basis of comparison for the stiffness 
of the slab before impact—i. e., the deflections and 
strains under the center loading—the third series of 
initial loadings were applied several days after the first 
two. The data obtained at this time consisted of one 
set of measurements for deflection at all of the deflec- 
tion points on the slab for loads of 5,000 and 20,000 
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By Static Loaps Brerore Impact 


pounds and a series of measurements of deflection at 
deflection point 16 and strain measurements at strain 
gage point 15 for 10 applications each of 5,000, 
10,000, 15,000, and 20,000 pound loads, made at approx- 
imately half-hour intervals. 

The data obtained under successive applications of a 
given load agreed within very close limits and the mean 
values of all of the measurements made under each of 
the several loads were taken to express the load- 
deflection and load-strain conditions in the slab before 
impact was applied. These mean deflection curves are 
shown in Figure 12 and the strain data for the T-bars 
are shown in Figure 13 as stresses, computed with an 
assumed value for the modulus of elasticity of 30,000,000 
pounds per square inch. 

As the load was applied at the center of the slab, the 
deflection of points symmetrically spaced with respect 
to its axes should be equal. Actually this was found to 
be true, the differences in the measured deflections of 
symmetrically placed points being negligible. There- 
fore, throughout this report, in plotting the deflection 
curves for the various loads and lines of points the 
measured deflections of symmetrical points have been 
averaged. 

With the load at the center point the separation or 
spread which occurred between the adjacent edges of the 
bases of the two T-bars directly underneath the load 
was measured, as previously described. These meas- 
urements were made for loads 5,000, 10,000,15,000, and 
20,000 pounds on each of two successive days. The 
two sets of values agreed very closely and are averaged 
in the following tabulation: 





Load in |Spread in 


pounds inches 

5, 000 0. 0018 
10, 000 . 0035 
15, 000 . 0050 
20, 000 . 0064 





Static loads at the edge.—Static loads of 5,000, 10,000, 
15,000, and 20,000 pounds were applied at a point 1 
foot from the edge of the slab on the axis of the slab 
parallel to the stringers. 
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FicurReE 14.—DEFLEcTIONS oF First SitaB UNpbER EpGeE 
Loapineé BErrorEe IMPAcT 


The deflection curves for the slab and for the stringers 
nearest the load are shown in Figure 14. ‘Two sets of 
measurements of deflection were made for two applica- 
tions of each of the four loads on the same day. The 
two sets of values agreed with each other within close 
limits and the values shown are for the means of the 
two measurements. 

No strain measurements of any significance were 
obtained under this loading since the strain gage loca- 
tions were in areas of small stress. The indicated 
stress at the midpoint of the two center stringers was 
3,300 pounds per square inch in the bottom flange 
under the 20,000 pound load. 

The 2-point static load.—Another special loading was 
that applied equally on two tire segments set equi- 
distant from the midpoint of the slab along the axis 
normal to the stringers. These tire segments were 
72 inches apart, center to center. 
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Fieurs 15.—Derrxpections or First SuAB UNpER Two- 
Point Loapine Berore Impact 
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Figure 16.—DeErF.ectTions or First Suas UNDER CENTER 
Loapine Arrer First Impact 


The deflection curves for loads of 5,000, 10,000, 
15,000, and 20,000 pounds applied in this manner are 
shown in Figure 15. Asin the case of the edge loading, 
the curves represent mean values from two sets of 
measurements. The strains produced at the strain 
gage locations shown in Figure 8 were too small to be 
determined with the strain gage used in these tests 
except at the midpoint of the lower flange of the center 
stringers where a maximum stress of about 3,000 
pounds per square inch was indicated. 

The spread of the bases of the two T-bars at the 
midpoint of the slab was also measured under the 
2-point loading and was found to be very small, as shown 
in the following tabulation: 


Total 





: Spread 
load, in | .-* 2 
pounds in inches 
5, 000 0. 0002 
10, 000 . 0004 
15, 000 . 0006 
20, 000 . 0009 








Application of the first impact.—In all of the impacts 
applied to the bridge floor slabs in these tests, the condi- 
tions selected were such that very severe impact was 
produced. The conditions approximated those of a 
loaded 5-ton truck, equipped with solid tires, the 
unsprung weight being 1,967 pounds and the spring 
deflection being that which would correspond to a 
sprung load of about 6,000 pounds. . The tire used on 
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FIGURE 17.—STRESSES IN First SLAB CAUSED 
By Sratic Loaps Arrer First Impact 
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the wheel of the impact machine in the tests of the 
first slab was a 36 by 6-inch solid rubber truck tire. 
With these conditions the first series of 1,000 drops of 
the impact machine were applied. A free fall of 0.25 
inch was used. The measured accelerations varied 
between 310 and 354 feet per second per second, the 
average impact force for this series being 28,200 pounds. 
The rate at which the impact was applied was approxi- 
mately seven blows per minute. 

Careful observation of the slab during the application 
of the first impact and examination afterwards showed 
no visible effect of the severe hammering. The thin 
grout or laitance between the edges of the T-bars on 
the bottom of the slab remained in place even directly 
under the point of impact and no visible structural 
cracks appeared on the upper surface of the slab. 

After the completion of these tests the impact ma- 
chine was removed from the slab, the static loading 
equipment was replaced, and a second series of static 
loads applied at the center of the slab in accordance 
with the program. 

Static loading after the first impact.—Loads of 5,000, 
10,000, 15,000, and 20,000 pounds were applied at the 
center of the slab and complete deflection and strain 
measurements were made for each load. Two sets of 
tests were made and the averaged data for the deflec- 
tions are shown in Figure 16 and for the strains in 
Figure 17. 

If these data are compared with the corresponding 
data obtained before the impact was applied it will be 
noted that for a given load there was a definite increase 
in the magnitudes of the deflections and of the stresses 
in the T-bars after the first series of impacts. For ex- 
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FigurE 18.—DEFLECTIONS oF First StAB UNDER CENTER 
Loapina ArrTErR SEcOND Impact 


ample, under a 20,000-pound static load at deflection 
point 16 (the center of the slab) an increase of from 
0.087 to 0.113 inch (30 per cent) occurred. Similarly, 
the maximum stresses in the T-bars increased after 
impact from 4,650 to 6,600 pounds per square inch (42 
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per cent) over the stringers and from 7,350 to 10,200 1aAaaooos 
pounds per square inch (39 per cent) directly under- 
neath the load. Strain measurements in the top of the 20 
T-bars between the load and the stringers showed an 
increase in compressive stress of from 1,350 to 3,450 so 
pounds per square inch (about 155 per cent) after the 
impact. 
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Application of the second impact.—The second series i 
of 1,000 drops of the wheel of the impact machine was 
applied at the same point and in the same manner as 100 


the first series, except that the free fall of the wheel 
before the tire made contact with the slab was in- 
creased from 0.25 to 0.63 inch in order to produce an 7AaRRA A eae ee 
impact force of greater magnitude. The effect of this 
was to increase the range of measured accelerations 
from 310-354 to 378-426 feet per second per second. 
The average maximum impact reaction for the second 
series of 1,000 drops was 31,300 pounds. 

This impact produced no visible change in the ap- 
pearance of either surface of the slab. 

Static loading after the second impact.—Upon the 
completion of the second series of impact tests, the 
machine was removed and static loads of 5,000, 10,000, 
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15,000, 20,000, 30,000, and 40,000 pounds were applied 40 = 
at the center of the slab. These loads were repeated, cat eae ey Veet oc Rare ta era 













































































complete deflection and strain measurements being 
made for each loading. The deflection data are shown 
in Figure 18. The corresponding strain data, expressed 
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as unit stresses, for all of the strain gage positions Fe | 
shown in Figure 8 are given in Table 1. | 
60 
TABLE 1.— Unit stresses in T-bars of first slab wnder center loading 
after second impact, in pounds per square inch 20 | a) 
TOP OF STEMS OF T-BARS tee! 
100 
Stress at strain gage point— 
120 Bae 2 
Oat 1 By 3 4 5 6 7 8 9 10 11 af 00] DEFLECTION POINTS 
= nk ANNES Figure 19.—DeEF.ectTions or First SuAB UNDER CENTER 
Tension OMS Loapine ArrEeR Tuirp Impacr 
sion 
Pounds ae BEFORE IMPACT TESTS 
5005. 2a 1, 650!____| 2,400] 2, 100) 2, 250]1, 350]1, 800) 1,950] 2,400 1,950] 75011, 050 oy ARE 
TOON Seas 2; 700|____| 3, 600] 3, 450| 3, 750]2, 550/3, 300! 3, 450] 4,200 3, 750)2, 100|2, 250 GAGE POINT GAGE POINT 
LS, O00 aac 2 3, 450|____| 4, 800] 4, 500] 4, 800|3, 450/4, 800) 5, 400] 5,700 4, 950)3, 1502, 850 + + 
20,000... -- 4; 500|____| 5, 700] 5, 550] 6, 150)3, 900]5, 550] 6, 300] 6, 600. 6, 000/4, 350)3, 750 
30,000...----- 6, 300|____| 8, 100] 8, 100) 8, 700|5, 700|7, 800) 8, 700] 9, 600| 8, 700]5, 400]5, 400 
40,000__.--__- 8, 250] ___|10, 800|10, 500|10, 500/7, 500/9, 300|11, 550]10, 950110, 650]6, 900]6, 150 | 
ie 
BOTTOM OF BASES OF T-BARS eee oe ne Es 
Stress at strain gage point— AFTER FIRST IMPACT TEST 
Load 14 | 15 16 17 18 fo) Wy sepals go © bs | A | 
Tension I | 
MI 
Pounds | 
5000 cee anal ses 1,050) 1,650} 1,950] 2,700! 2,850 2,100} 2,400] 1,800] 900 V t | 
USE epee 2,700) 38,450] 4,200] 5, 700| 5,250] 4,500) 4,050] 2,850] 1, 650 pean 
15000 ie tear ipe es 4,200! 5,100} 5,700| 8,100] 7,050| 5,850) 5,100] 4, 500] 3, 300 
$0000 ca Norco 5, 850| 6, 600/ 7,950] 10,200] 9,450] 7,800! 7,050] 5,400} 4; 050 
PAIN eee ates eS 8,400) 9, 600} 11,700] 15,000] 14; 100| 12,000 9, 900/ 8, 400] 6, 300 
40,000 ce cet cee: 11, 100) 13, 200) 15, 300) 19, 800] 18, 450] 15, 000! 12, 150| 10, 650} 9, 000 
A comparison of the data for the four lowest loads 
with those obtained under the same loads before the 
second impact show that there was no appreciable in- 




















crease in either deflections or stresses. The data ob- 
tained for the 30,000 and 40,000 pound loads indicate 
that the action of the slab under these loads was elastic 
and no apparent damage to the slab was observed. 
Application of the third impact—The third impact 
consisted of a series of 1,000 drops, duplicating as closely 
as possible the second series. The same free fall was 
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used and the average impact reaction for this series was par Bs ARAL BRAIN Ue en BE AR as ot _ 
3 i 900 pounds. F 90 g STRESS - HUNOREOS _ POUNDS EN A INCH 
hae ; Ele re 
Static loading after the third impact—The final static SG URE, 20 DIRE Seas IN) TRB Ha ee 
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Figure 21.—ComparIson OF DEFLECTIONS AND STRESSES 
IN First SLAB BEFORE AND AFTER IMPACT 


10,000, 15,000, and 20,000 pounds at the center of the 
slab with complete deflection and strain measurements 
foreach loading. The deflection data for these loadings 
are shown in Figure 19 and the stress data in Table 2. 

When these data are compared with those obtained 
for the same loads before the application of the third 
impact, it is evident that there is no significant difference. 

Stresses in the stringers —Mention has been made of 
the fact that strain measurements were made at the 
mid-points of the two stringers nearest the center line 
of the slab. The strains measured were those in the 
upper and lower flanges of the I-beams at the positions 
shown in Figure 8. 

The strain data obtained at these points for all of 
the static loadings applied to the slab are shown in 
Figure 20 expressed as unit stresses. It is indicated 
that the stress in the upper flanges was extremely 
small and that the stress in the lower flanges did not 
exceed 5,100 pounds per square inch (except for the 
30,000 and 40,000 pound loads). The position of the 
neutral axis of the stringers was not very definitely 
determined because of the small deformations measured 
in the upper flanges of the I-beams, but generally it 
appears to be from 12 to 15inches above the lower flange. 

In Figure 21 a comparison is made of the structural 
action of the stringers before and after impact and of 
the T-bars at the center of the slab before and after 
impact. For this purpose the load-deflection and the 
load-stress relations for the mid-point of the stringers 
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DEFLECTION POINTS 


FIGURE 22.—DEFLECTIONS OF SECOND SLAB UNDER CENTER 
LoapinG Berore Impact 


TABLE 2,— Unit stresses in T-bars of first slab under center loading 
after third impact, in pounds per square inch 


TOP OF STEMS OF T-BARS 










































































Stress at strain gage point— 
| 2 
Load 1 2 3 4 5 6 7 8 9 10 11 14 
F Compres- 
Tension Sion 
Pounds | 
5000 =e 1, 950|____]2, 400)2, 250)2, 250)1, 350)1, 950)2, 250)2, 550)2, 400} +750}1, 050 
110; COG E see ee ee 38, 300|____|3, 750/3, 600/4, 200/2, 700/83, 450/4, 200/4, 050/83, 750)1, 800/2, 250 
16; OOS en ene a 4, 200|__-_|5, 100/5, 100/5, 100)3, 900|4, 950/6, 000/5, 700)5, 250|2, 550)3, 150 
20; 000 22a =e seas 4, 950)__-_|6, 300/6, 150)6, 300)6, 000)6, 150|7, 200|6, 900)6, 600/38, 750)4, 050 
BOTTOM OF BASES OF T-BARS 
Stress at strain gage point— 
Load | 14 | 15 | 16 | re a ee ae | Do ira | 23 ..} > 2s 
Tension 
Pounds 
GOD02 eee aera oe 1,350 | 2,550 | 2,700 | 3,900 | 3,000 | 2,550 | 2,250 | 1,500 | 1, 650 
10 O00Le==4-|seaaee 3, 300 | 3,600 | 4,650 | 6,300 | 5,850 | 4,950 | 4,650 | 3,000 | 2, 400 
15000 2 Sse bs ee 4,650 | 5,700 | 6,450 | 8,850 | 7,650 | 6,750 | 6,150 | 4,050 | 4, 200 
2000022 o- a |eaaee 5, 700 | 7,350 | 8, 250 |11, 250 |10, 050 | 8,400 | 7,350 | 5,850 | 5, 250 














and for the base of the T-bar at the mid-point of the 
slab were selected. On this graph the values obtained 
before impact are connected with a solid line and the 
observed values after the several impact tests are 
sunply plotted points. 


DETAILED DESCRIPTION OF THE TESTING OF THE SECOND SLAB 


Static loads at the center.—In testing the second slab 
the general procedure was exactly the same as that 
followed in the testing of the first slab. The same 
loading program was followed throughout except for 
slight variations in the magnitude of the impact forces 
applied. 
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Following a series of preliminary loadings, as in the 
case of the first slab, three series of initial static loads 
of 5,000, 10,000, 15,000, and 20,000 pounds were applied 
at the center of the slab on three different days and 
complete deflection and strain measurements were made 
for each. The mean deflection curves obtained are 
shown in Figure 22 and the strain data expressed as 
unit stresses are shown in Figure 23. 
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FIGuRE 23.—STRESSES IN SECOND SLAB CAUSED 
BY Static Loaps Brrore Impact 








The spread between the bases of the two adjacent 
T-bars directly under the load was measured in the same 
manner as was used in the previous test and found to 
be very small, being only 0.003 inch for the 20,000- 
pound load. 

Static loads at the edge.—Static loads of 5,000, 10,000, 
15,000, and 20,000 pounds were applied twice at a point 
1 foot from the edge of the slab and on the axis of the 
slab parallel to the stringers. 

The deflection curves in Figure 24 are the mean 
values obtained in these loadings. The only significant 
strain measurements obtained were at the centers of 
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FiGuRE 25.—DEFLECTIONS OF SECOND SLAB UNDER Two- 
Point LoapiInG BrerorE Impact 


the stringers where stresses of about 1,000 pounds per 
square inch were indicated. 

The reversal of the arrangement of the deflection 
curves for this loading in the presentation of the data for 
the two slabs is due to the fact that opposite edges were 
used for the edge loading of the first and second slabs. 

The 2-point static load—This special loading was ap- 
plied in exactly the same manner as in the testing of 
the first slab. The loads were applied twice and the 
mean values of the measured deflections are shown in 
Figure 25. The strains produced by this loading at the 
strain gage positions shown in Figure 8 were too small 
to be measured with any accuracy except those at the 
mid-point of the stringers, where stresses of slightly less 
than 3,000 pounds per square inch were indicated. 

There was no measurable spread between the T-bars 
at the center of the slab under the 2-point loading. 

Application of the first impact.—In applying impact. 
to the second slab the apparatus and procedure were 
the same as those used in the testing of the first slab. 
The average magnitude of the impact reaction in this 
first series of 1,000 drops was 27,300 pounds. 

Following the application of this impact the testing 
machine was removed and the slab given a careful 
inspection. There was no visible effect of this impact 
on either the upper or lower surfaces of the slab. After 
this examination the static loading equipment was again 
placed on the slab. 

Static loading after the first impact—In accordance with 
the program, static loads of 5,000, 10,000, 15,000, and 
20,000 pounds were next applied at the center point of the 
slab. Each load was applied twice and complete deflec- 
tion and strain measurements were made for each load. 
The mean deflection data are shown in Figure 26 and the 
strain data, expressed as unit stresses, are shown in 
Figure 27. 

If a comparison is made between these data and those 
given in the corresponding figures before impact was ap- 
plied (figs. 22 and 23), it will be noted that after the im- 
pact the maximum deflection of the slab for a given 
load was slightly greater than before impact. [or ex- 
ample, the deflection of the center point under the 
20,000-pound static load was 0.073 inch before impact 
and 0.077 inch after impact, an increase of about 5 per 
cent. The comparison of the stress data will show that 
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Fiaure 26.—DEFLECTIONS OF SECOND!SLAB UNDER CENTER * 
Loapine AFrrerjF inst, Impact 
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Figure 27.—STRESSES IN SECOND SLAB CAUSED 
BY Static Loaps AFTER First Impact 


there was some adjustment of the stresses in the T-bars 
near the load, but that this adjustment did not increase 
the maximum stress greatly for any of the loads. In 
the bases of the T-bars under the load there was ap- 
parently a small increase in the stresses due to the 
15,000-pound load, while for the other three loads there 
was no increase. In the stems of the T-bars there was 
a small increase for most of the loads, but since the stress 
for the largest load was less than 4,000 pounds per 
square inch, this increase is of no particular importance 
except as another indication of a readjustment of the 
amount of load taken by the concrete and by the steel. 

Application of the second impact.—In applying the 
second series of impact loads to the second slab the 
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Figure 28.— DEFLECTIONS OF SECOND SLAB UNDER CENTER 
LOADING AFTER SECOND Impact 


magnitude of the impact reaction was increased to an 
average value of 30,400 pounds by increasing slightly 
the height of free fall of the truck wheel of the impact 
machine. This corresponded to the value of 31,300 
used in the second series on the first slab. 

After the completion of 1,000 drops the impact ma- 
chine was removed and the slab carefully inspected. 
There was no visible change in either surface of the slab. 

Static loading after the second impact.—Static loads of 
5,000, 10,000, 15,000, 20,000, 30,000, and 40,000 pounds 
were applied at the center of the slab. These loads were 
applied twice, complete deflection and strain measure- 
ments being made for each load. The mean deflection 
curves for these loadings are shown in Figure 28. The 
corresponding stress data for all of the strain gage posi- 
tions are given in Table 3. 

These data indicate that the application of the 
second impact did not produce any significant change 
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3.—Unit stresses in T-bars of second slab under center loading 
after second impact, in pounds per square inch 


TABLE 



























































TOP OF STEMS OF T-BARS 
Stress at strain gage point— 
Toad 1[2fa]sfs|elr|s fo) n | 
Rana Compres- 
Tension sion 
Pounds 
5,000! 24a oie 900} 900)1, 200]1, 050) 600) 750} 750]1,050) 600}1, 200; 300} 1 450 
10}000) ae 1, 350/1, 500}1, 950)1, 950}1, 500|1, 050]1, 350)1, 800}1, 500}1, 800; 450} 1 150 
16,000. eae ik 950/2, 100}2, 850/2, 700)1, 950}1, 800}1, 8002, 700)2, 100}2, 400) 750) 150 
20/000) eee 2) 850)2, 850)3, 750/38, 750)3, 000)2, 550/2, 700)3, 750)8, 150/83, 150}1, 050} 300 
30/0005 ree es 4, 200/4, 650/5, 550}5, 550/4, 500)3, 750/4, 650|5, 550/4, 650/4, 800/1, 650} +600 
OO! a eens 5, 700}6, 150}7, 500)7, 650)6, 300}5, 550)6, 450)7, 650/6, 900)6, 3800/2, 400}1, 050 
BOTTOM OF BASES OF T-BARS 
Stress at strain gage point— 
Load 14 15 | 16 | 17 18 19 | 20 21 | 22 23 
Tension 
Pounds 
5, 00022 2 1,050 | 1,200 | 1,200 | 1,650 | 1,950 | 1,350 | 1,350 |} 1, 200 | 1,200 | 1, 200 
1O0;0G022=2= 1,950 | 2,100 | 2,400 | 2,700 | 2,850 | 2,400 | 2,850 | 1,800 | 1,350 | 1, 650 
15,000____- 2, 250 | 3,000 | 3,150 | 3, 750 | 4,350 | 3, 750 | 3, 300 | 2,850 | 2,100 | 2, 100 
20,000____- 3, 300 | 4,050 | 4,500 | 5,250 | 5,400 | 4,950 | 4,800 | 3,600 | 2,850 | 2, 850 
30,000_____ 5, 700 | 6,750 | 7,950 | 8,700 | 9,150 | 8,550 | 7,650 | 6,000 | 5,700 | 4, 950 
40,000_____ 7,050 | 8,400 | 9,900 |11, 400 |12, 150 }11, 100 | 9,900 | 8, 100 | 7, 200 | 6, 750 
1 Tension, 


in the behavior of the slab. The deflections were prac- 
tically the same as those measured for corresponding 
loads after the application of the first impact and the 
load-deflection relation at the center of the slab is 
essentially a straight line up to and including the 
40,000-pound load. The strains in the T-bars were 
practically unchanged for the four lower loads and the 
maximum stress indicated at any point was 12,150 
pounds per square inch in the T-bar under the center 
of the 40,000-pound load. 

Application of the third impact.—In this series the 
average impact reaction was 31,900 pounds, corre- 
sponding exactly to the value used in the application of 
the third series of impact loads to the first slab. After 
the completion of the series of 1,000 drops the slab was 
again carefully inspected but no visible effect of the 
impact was found. 

Static loading after the third impact.—The final series 
of static tests comprised loads of 5,000, 10,000, 15,000, 
and 20,000 pounds applied at the center of the slab, 
complete deflection and strain measurements being 
made for each loading. The mean deflections are 
shown in Figure 29 and the stress data in Table 4. 

A comparison of these data with those obtained under 
the same loads, before the third series of impact load- 
ings was applied, shows that the third impact did not 
produce any significant change in the action of the slab. 

Stresses in the stringers —As in the case of the first 
slab, strain measurements were made at the mid-point 
of the two stringers nearest the center line of the slab. 
These strain data , expressed as unit stresses, are shown 
for all loads in Figure 30. It will be noted that there 
was practically no stress in the upper flanges and that 
even with the 40,000-pound load the stress in the lower 
flange did not exceed 7,000 pounds per square inch. 
The position of the neutral axis of these members is 

rather indefinite, because of the fact that the stresses 
in the upper flange of the stringers were so small as 
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FIGURE 29.—DEFLECTIONS OF SECOND SLAB UNDER CENTER 
Loapina AFTER THIRD ImMpPAcT 


TaBLEe 4.—Unit stresses in T-bars of second slab under center 
loading after third impact, in pounds per square inch 


TOP OF STEMS OF T-BARS 





Stress at strain gage point— 


























Toad 1fafa|4 sfe|7|s| 9] u | 2 
“4 Compres- 
Tension ort 
| 
Pounds 
OD O00 Es Sees a ok eee 900) 600) 900; 600) 750) 750) 750; 750) 900} 750) 1150) 1 300 
10000 Meee ee eas Ls 650 1, 35011, 500 1, 500.1, 350.1, 2001, 650 1, 650 1, 650.1, 200 0 0 
T5000 222=e5 Sacelee ; 10012, 25012, 2502, 400 2, 250 2, 250.2, 4002, 550 2, 850 2, 250) 450) 300 
20: 00022 aa eee 2) Mae ry 4503, 300 2) 8508, 160}, 150/3, , 6003, aa 700) 450) 150 








BOTTOM OF BASES OF T-BARS 





Stress at strain gage point— 



































Load 14 15 16 17 18 19 | 20 21 22 23 
| 
Tension 

Pounds | 
6;000% ese 1, 050 900} 1,200) 1,200} 1,500; 1,350 900} 1, 050 600 300 
10;000t2S== 1,650} 1,800} 2,100) 2,550) 2,700) 2,850} 1,800) 1,950) 1,650) 1,050 
15,0002 2222 2,550} 2,850) 3,450) 4,050; 4,050) 3,900} 3,000) 2,700] 2,550) 1,650 
20,000__--- 3,600) 38,900) 4,650) 5,250} 5,100} 5,100) 4,050) 3,450} 3,300} 2, 400 

1 Tension. 


to be incapable of being measured accurately, but 
apparently it is near the lower surface of the slab. 
Figure 31 shows the load-deflection and load-stress 
relations for the mid-point of the stringers and for the 
mid-point of the slab before and after the application 
of the impact. This figure is a companion graph to 
Figure 21, the values measured before impact being con- 
nected with a solid line and those observed after the 
three series of impact loadings being shown as plotted 
points. In these data there is an indication of the same 
increase in flexibility that was noted after impact was 


==" 


‘* 


September, 1932 


































































































































































































PUBLIC ROADS 117 
BEFORE iMPACT TESTS MID-POINT OF THE STRINGERS 
7 oe r 100 T —— — e000 ———__,— — —r = 
= i rc : T = 
NO 24 NO 26 Vv 
GAGE POINT GAGE POINT z 
4 = 7 w $ 
« 
a) 1 Q 07s 4. f.- aol ay es 3) — 
| g 3 | 
i 1 | z a y 
il | | 1 os 
i | | | Z oso = - a 4000 u — 
——, | L ANE L 2 oe 9 ; | 
NO.25 GAGE POINT——~ NO.27 GAGE POINT oO A z 7, 
v7 4 5 ¢ 
2 | @ de 
w 02s = + + —— 1 2000 ——_—_—1,4___—___+- — — 
ra) v r 
w i 
4 | a a) 
\~ \Z | 
° —l =¥35 Rs ° Ses! " — fa J 
° 10000 20000 30000 40000 ° 0000 20000 30000 40000 
LOAD — POUNDS 
4 
MIO-POINT OF THE SLAB 
250 20000 —-—_—— = 
225 de =f 18000 } 4 
200 + 4 16000 = 
ms —-4 14000 
130 — > 12000 + ’ 



































iS 30 ww 30 45 60 7s 


1s ° is 
COMPRESSION—=}«+— TENSION 


5 Oo 
TENSION—*+-— COMPRESSION 
STRESS - HUNDREDS OF POUNDS PER SQUARE INCH 


Figure 30.—Srressps IN SEconp SiaBp AT MIpDPOINT OF 
Stringers Unper Sratic Loans or 5,000, 10,000, 15,000, 
AND 20,000 Pounps 


applied to the first slab but the magnitude of the in- 
creases both in deflection and in stress is very much less. 


OTHER DATA OBTAINED 


Deflection under impact—At the conclusion of the 
scheduled tests on the second slab, advantage was taken 
of the opportunity to obtain some data on the relative 
deflections of the mid-point of the slab under impact 
and equivalent static loads. 

The procedure used for measuring the slab deflection 
under impact was very simple. In the center of the 
base of the T-bar directly under the center of the load 
a short stylus point of hardened steel was attached. 
The stylus extended downward a short distance and 
the tip was bent over into a horizontal position. <A 
substantial framework resting upon the earth beneath 
the slab supported, on edge, a small piece of plate glass, 
one side of which was coated with a smoke film. The 
smoked side of this glass plate was adjusted so that it 
just made contact with the horizontal stylus point. 
A deflection of the slab produced a short vertical trace in 
the smoke film. After each loading the glass plate was 
moved forward in guides to anew position, many records 
being madeonone plate. The measurement of thelength 
of the scribed lines was made with a precision comparator. 
With this instrument an accuracy of measurement of bet- 
ter than one thousandth of an inch was readily obtain- 
able. This method of making deflection measurements 
was adopted because of the difficulty of accurate meas- 
urements of deflection under impact with any of the 
more usual forms of deflection-measuring equipment. 

The data obtained from these measurements are 
shown in Figure 32 compared with the static load- 
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FicurRE 31.—CoMPARISON OF DEFLECTIONS AND STRESSES 
IN SECOND SLAB BEFORE AND AFTER IMPACT 
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FicuRE 32.—CoMPARISON OF DEFLECTIONS OF MIDPOINT 
OF SECOND SLAB UNDER Impact AND Static Loaps 


30 


35 40 


deflection data obtained after the second series of | developed ranged from about 7,400 to about 33,000 


impact loads were applied. This series was used 
because it included the 30,000 and 40,000 pound loads. 
It will be noted that the value of the impact pressures 


pounds. 





The impact load values were those computed 
from the accelerometer measurements as previously 


described. 
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These data indicate little difference between the 
deflections of the mid-point of the slab under static 
loads and those caused by impact loads of the type 
imposed by the wheels of motor vehicles. 

Dye test for separation of steel and concrete—The 
increased flexibility of the slabs after the application of 
the first impact raised the question as to whether or 
not this was due to a breaking of the bond between the 
concrete and the stems of the T-bars in the vicinity 
of the area on which the impact was applied. A careful 
visual examination of this part of the first slab at the 
time of its demolition failed to show any evidence of 
such separation. After the testing of the second slab 
it was decided to stain the area subjected to impact 
with a penetrating dye so that, if any fissures had 
developed along the stems of the T-bars, the dye 
would penetrate and stain them, thus indicating their 
presence and extent when the slab was finally demol- 
ished. A similar area near the edge of the slab was 
also treated with the dye in order that the presence of 
fissures due to causes other than impact (as for example, 
shrinkage) would be revealed. The dye used was 
methyl “violet base dissolved in alcohol and ponded 
over the area in question. ‘is 

Some unreported experiments in th, staining of 
fissures in concrete had shown this dye to be very satis- 
factory for the purpose, as it penetrates readily and 
produces an excellent stain. 

When the slab was demolished it was found that 
there had been no penetration of the dye either along 
the sides of the T-bars or at any other point. 


DISCUSSION OF THE DATA 


In considering the data which have just been pre- 
sented, it should be borne in mind that the deflection 
measurements are undoubtedly more reliable than the 
strain measurements because the magnitude of the 
displacement being measured was so much greater in 
the case of the deflections. For this reason personal 
errors, mechanical errors, and temperature errors in the 
measurements are generally a very small percentage of 
the total measurement in the deflection data. In the 
measurement of strains, however, such is not the case. 
The stresses in the steel were, in general, small and, even 
with the 10-inch gage length which was used, the total 
deformation was small, being of the general order of 
0.0010 to 0.0030 inch. With such small displacements, 
the utmost care is necessary to keep the personal errors 
of strain gage manipulation and the temperature effects 
on the strain gage within reasonable limits. 

All strain measurements were made by one operator 
in order to eliminate differences resulting from any 
personal equation. Check readings were made at 
periods when the air temperature agreed as nearly as 
possible with that which obtained during the initial 
readings, because it was found that, despite temperature 
corrections, changes of temperature of either the steel 
in the slab or of the gage itself could produce noticeable 
variations in the small strain values being measured. 
Corrections for temperature by means of a standard 
reference bar were made for all strain measurements. 

It is believed that the data obtained with the strain 

gage in these tests indicate, with reasonable accuracy, 
the actual stresses which existed in the steel at the 
time of measurement. 

Deflection of the slabs-—The general character of the 
deflection curves indicates that both of the slabs acted 
as stuf plates, giving a good distribution to the load. 








In order to compare the behavior of the two slabs 
the following table has been prepared showing the 
deflections of the mid-point of the slab, of the mid- 
point of the stringer adjacent to the load, and of the 
floor beam at the stringer connections, for the 20,000- 
pound static load which was applied in the center of 
each slab both before and after the application of the 
first series of impact loadings. 


TaBLE 5.—Gross deflections, in inches, under the 20,000-pound load 
applied at the center of the slab 















































FIRST SLAB 
- loor 
Mid- | Mid | beam at 
Doe Pp of stringer 
of sla . connec- 
stringers tion 
Before im DAChs. se selene ae ee eens ee ee ee 0. 087 0. 046 0. 014 
Atter tirsh impact so-so eae a ee Ree een eee . 113 . 057 . 020 
Increasess 2-6 5 eee eee ee ee ee . 026 - O11 . 006 
SECOND SLAB 
Betore dm pactise ce eee ae a eee ee ee 0. 073 0. 043 0.015 
After iirstimpacte sees sea ee eee ae eee . O77 . 044 . 016 
ImGrease 222225 ea ee en ee en ee eee . 004 . 001 . 001 
It is apparent that the second slab was a stiffer 


structure than the first slab. The deflection of the 
mid-point of the second slab with respect to the adja- 
cent stringers was 0.030 inch as compared with that of 
0.041 inch for the first slab. The deflection of the mid- 
point of the stringer with respect to its ends was 0.028 
inch under the second slab and 0.032 inch under the 
first slab, indicating greater slab stiffness and conse- 
quent distribution of load on the stringer. These com- 
parisons refer to deflections before impact. 

The data show that the impact loadings served to 
increase the flexibility and thus to decrease the load- 
distributing ability of both slabs. In the first slab this 
change was very noticeable; in the second slab it was 
much less marked. If the deflection of the mid-point 
of the slab with respect to the adjacent stringers is 
compared it will be found that the deflection of the 
first slab increased from 0.041 inch to 0.056 inch (37 
per cent), while for the second slab the increase was 
from 0.030 inch to 0.033 inch (10 per cent) after the 
application of the impact. Similarly, the increase in 
stringer deflection after the first impact was from 0.032 
to 0.037 inch, or 16 per cent, for the first slab and zero 
for the second slab. ‘This indicates that the impact 
caused a decrease in the distribution of the load on the 
stringers under the first slab but caused little or no 
change in this distribution for the second slab. 

The deflection data show that after the first series of 
impacts subsequent loadings, either static or impact, 
caused little or no change in structural behavior, the 
action of both slabs being entirely elastic even for the 
30,000 and 40,000 pound static loads. 

While the causes for the differences which were 
observed in behavior of the two slabs have not been 
definitely determined, it is of interest to give some con- 
sideration to the various features of their structural 
design which might have been responsible for them. 

The supporting structure—i. e., the walls, the floor 
beams, and the stringers—was the same for both slabs. 
As has been previously noted, the floor beams were 
bolted down on bearing plates and the stringers were 
rivet-connected to the floor beams. From these facts 
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and such deflection data as were obtained for the floor 
beams and stringers, it seems improbable that any 
appreciable part of the differences observed was due to 
the substructure. 

Among the structural elements of the slab proper 
there were several differences which may have had 
some influence. The base of the T-bar used in the 
steel mat of the second slab was appreciably thicker 
than that used in the first slab. (See fig. 6.) The effect 
of this would be to increase the stiffness of the slab 
and, to some extent, the stiffness of the stringers to 
which these members were welded. There were fewer 
welds between the bases of the T-bars and the stringers 
in the second slab than there were in the first. How- 
ever, on reference to Figure 5, it will be seen that the 
abutting edges of the bases of the T-bars in the second 
slab were welded together at several places. There 
were no such welds in the first slab. The effect of 
these welds is to increase the continuity of the steel 
forming the bottom of the slab, and thus to increase 
the slab stiffness to some indeterminate extent. There 
is one other feature of the steel design of the slabs which 
probably had an important influence on the difference 
in stiffness noted, and that is the fact that in the second 
slab the upper edges of the stems of the T-bars were 
connected by rather heavy transverse members spaced 
at frequent intervals and welded in place. Since these 
members would be capable of receiving and carrying a 
considerable amount of compressive stress in the direc- 
tion normal to the T-bars, their presence would give 
the steel mat a resistance to lateral compression quite 
independent of the concrete filling material. 

The concrete in the two slabs was intended to be as 
nearly the same as possible. The proportions were the 
same, the aggregates were of the same quality, came 
from the same sources, and were of nearly the same 
gradations. Different cements were used for the two 
slabs, but the second cement was selected because its 
28-day strength tests gave values almost identical 
with those obtained at the same age with the first 
cement. The first slab was placed when the air 
temperature was over 100° F. and the water in the mix 
was increased to a water-cement ratio of 0.86 before 
the concrete could be placed. It is probable that the 
concrete as it came from the mixer and was used in 
making the test cylinders had this water-cement ratio. 
It is improbable, however, that the concrete in the slab 
at the time the vibrating was completed had as much 
water in it as this water cement ratio would indicate. 
When the second slab was placed, the weather was 
much cooler and, with a water-cement ratio of 0.82, 
no particular difficulty was experienced in placing the 
concrete in the mats. Although the two sets of test 
cylinders cured in the damp room for 28 days showed a 
wide difference in concrete strength, it seems quite 
probable that the concrete in the two slabs at the time 
the load tests were made did not differ in its properties 
nearly as much as the strength test data from the 6 by 12 
inch cylinders tested at 28 days would lead one to 
believe. 

It is difficult to estimate just what part the concrete 
plays in the functioning of a slab of this type. At the 
time the concrete is placed it fills completely the 
rectangular trough between the T-bars. Subsequently, 
it dries out and shrinks in volume. The amount of the 
shrinkage which occurs in concrete during this period 
depends on many factors, including the kind and 











the mixture. It is possible for a 3-inch prism of con- 
crete to shrink sufficiently to draw completely away 
from the mold and the fact that very fine cracks were 
observed over the stems of the T-bars in both slabs, 
over the rectangular transverse members in the first 
slab and along the edges of the half-round transverse 
members in the second slab, suggested the possibility 
that such separation had occurred in these slabs. 

These fine cracks were quite generally distributed 
over the entire upper surface of both slabs, were 
observed in many instances before any loads had been 
imposed, and underwent no apparent change during 
the application of the various loads. In a number of 
places in the discussion of the effect of loading reference 
is made to the presence or absence of structural cracks 
or cracks due to load and these should not be confused 
with the fine surface fissures due to shrinkage of the 
concrete which have just been mentioned. 

Throughout the testing of the two slabs the behavior 
of the concrete was closely watched, yet no indication 
of a loosening of the concrete was observed at any time. 
When the static loads were applied at the center of the 
slab and the separation of the T-bars measured in the 
manner previously described, it was evident that even 
under the 5,000-pound load the measured separation 
at that point was sufficient to break such bond as may 
have existed before the static load was applied. 

In spite of these evidences of separation between the 
concrete and the steel, it was found when the slabs 
were demolished that the concrete was adhering 
tightly to the steel; that when it was chipped off the 
surfaces of the steel members in contact were clean and 
free from rust; that the concrete showed no sign of 
rust stain; and, in the case of the second slab, that the 
dye which had been ponded on the upper surface of the 
slab had not penetrated the slab at any point. It must 
be concluded, therefore, that good bond between the 
steel and the concrete did exist and that this bond was 
maintained throughout the tests and until the time of 
the demolition of the slabs after an exposure of nearly 
a year. 

In view of these facts it seems probable that the 
concrete acts as a filler receiving the load; that it serves 
to support the stems of the T-bars during bending 
along the transverse axis of the slab, enabling them to 
take full compression; that it takes some compression 
itself in this direction; and that during bending along 
the longitudinal axis of the slab it takes its proportion- 
ate share of the compression in the slab. It is indi- 
cated also that the steel surfaces which were covered 
by an adequate thickness of the concrete, such as the 
sides of the stems and the tops of the bases of the 
T-bars, were protected against rusting. 

Stresses in the steel—The tensile stresses at the cen- 
ter of the lower flange of the stringers were propor- 
tional to the deflection and were very moderate for all 
of the loadings. In the first slab test this stress was 
approximately 4,000 pounds per square inch for the 
20,000-pound load and about 7,000 pounds per square 
inch for the 40,000-pound load. In the second slab 
test this stress amounted to approximately 3,500 pounds 
per square inch for the 20,000-pound loan and about 
6,000 pounds for the 40,000-pound load. 

The stresses in the stems of the T-bars at the posi- 
tions of maximum negative moment, over the stringers, 
were moderate for all of the static loads. In the first 
slab these stresses were of the order of 6,000 pounds 


amount of cement and the amount of water present in | per square inch for the 20,000-pound load and 11,000 


120 


PUBLIC 


ROADS Vol. 13, No. 7 











pounds per square inch for the 40,000-pound load. In 
the second slab the stresses for these same loads were 
of the order of 3,500 and 7,500 pounds per square 
inch, respectively. 

The stresses in the bases of the T-bars directly be- 
neath the load were the highest observed at any of the 
points where measurements were made. In the first 
slab this stress was about 7,500 pounds per square 
inch before impact and about 10,000 pounds per square 
inch after impact for the 20,000-pound load. For the 
40,000-pound load it was about 20,000 pounds per 
square inch. In the second slab the 20,000-pound load 
saused a stress of about 6,000 pounds per square inch, 
the 40,000-pound load caused a stress of about 12,000 
pounds per square inch, and the effect of the impact 
on the magnitude of the stress at this point was very 
slight. If the data concerning this stress in Figure 23 
are compared with those in Figure 27, it will be seen 
that while the magnitude of the maximum stress was 
not changed by the application of the impact, the dis- 
tribution of the stress among the T-bars under the load 
was changed to some extent. 

To summarize, the stress data lead to the conclusion 
that the 20,000-pound static load applied at the center 
of the slab did not cause excessive steel stresses in 
either of the slabs tested. 

General observations.—In the construction and test- 
ing of these two slabs there were several points observed 
which may be of general interest. 

The mats, as received, were not flat and did not 
lie smoothly on the stringers. It was necessary to 
draw these mats down as they were welded in order 
that each T-bar might be in bearing on the stringers. 

The welding of the mats to the stringers was accom- 
plished without difficulty with an electric weiding outfit. 
These field-made welds were found to be sound and 
intact when the slabs were demolished. The welds 
which attached the half rounds to the stems of the T- 
bars in the second slab were not uniformly good, a 
number of defective welds being found before the con- 
crete was placed and during the demolition of the slab. 

In the construction of both of the slabs the concrete 
was finished off practically flush with the upper surface 
of the steel mats, but the finishing left a thin layer of 
mortar over the top of the stems of the T-bars and 
over the transverse members in the mats. This layer 
was about one-sixteenth to one-eighth inch in thickness. 
During the period of exposure subsequent to testing, 
moisture penetrated this thin layer of mortar, rusted 
the steel, and forced off the mortar layer. At the time 
the slabs were demolished, it was found that in a good 
many places the steel which had been exposed in this 
way was deeply pitted by rust. 

It seems advisable that some means be developed for 
protecting the steel in the upper surfaces of mats which 
are to be used for bridge floor slabs or other exposed 
structures. This might be accomplished through an 
increase in the thickness of the concrete cover over the 
steel or through the application of an impermeable 
wearing surface to the slab. Either of these would in- 
crease the weight of the floor somewhat but would 
insure the durability of the structure. 

Concrete for the construction of floor slabs of this 
type should be designed for workability as well as 
strength. The mix which was used in these tests was 
somewhat deficient in workability and would have been 
improved by an increase in the proportion of fine aggre- 











gate in the mixture. The protection of the steel is a 
very important function of the concrete and can be 
assured only by dense, impermeable material. Vibra- 
tory methods of placing are of great assistance in secur- 
ing thorough consolidation, but a properly proportioned 
concrete mixture is necessary. If the concrete is not 
workable, the tendency will be to overvibrate in an 
effort to secure consolidation, and this may be carried 
so far as actually to cause segregation and loss of the 
cement paste. 


CONCLUSIONS 


From the data which have been presented and from 
observations made during the investigation the follow- 
ing conclusions are drawn. 

1. That both slabs acted as stiff plates giving a good 
distribution of the load to the supporting structure. 

2. That both slabs were capable of supporting static 
wheel loads such as are normally found in present-day 
traffic, without excessive stress. 

3. That the effect of the severe impact which was 
applied during the tests was to increase the flexibility 
of the structure and to decrease the distribution of the 
load. This effect was more marked in the first slab 
than it was in the case of the second slab. 

4. That there was nothing in the behavior of the 
slabs under static loads subsequent to impact to indi- 
cate that either slab had been damaged structurally by 
the impact. 

5. That there was no loosening of the concrete by the 
impact. 

6. That, for durability in exposed locations, the steel 
in the upper surface of the slabs should have more 
protection from moisture than was provided in the 
slabs tested. 








BITUMINOUS CONCRETE ON CONNECTICUT 
AVENUE EXPERIMENTAL ROAD 


The photographs on the cover of Pusiic Roaps this 
month depict a portion of the Connecticut Avenue 
experimental road which was constructed in the fall 
of 1912. The back cover shows the Portland cement 
concrete base ready for the application of the bitu- 
minous concrete surface and the appearance of the 
pavement one year after completion. The view on the 
front cover, taken at the same location in August, 
1932, reveals the present condition of the surface. 

This section, known as experiment No. 2 (north of 
Bradley Lane), is an asphaltic concrete proportioned 
in accordance with the District of Columbia specifica- 
tions and laid 2 inches thick on a foundation of 1:3:7 
gravel concrete. The experiment was divided into two 
sections in which limestone and trap-rock screenings, 
respectively, were used. Limestone dust was used as 
filler and the binder was a fluxed native asphalt. 

The construction cost was 195.65 cents per square 
yard. The section has given very good service for 20 
years under an increasing burden of traffic, which in 
1931 reached an average daily density of more than 
3,000 vehicles. Wear and depressions have developed 
near the gutter, and have been repaired with cold- 
patch mixtures of tar and stone chips. The total 
maintenance costs during the 20-year period have been 
20.388 cents per square yard. 
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